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TMSr invration relates to nodical imaging apparatus for imaging sabcutaneons bod^ 
tenqp^mre wiOdn a body. 

Backgroun d ^ Tnvention 

Medical Ixaaging using infrared iitiagiag or fhermogi^hy to obtaia passive and non- 
inva^ive ixieasiirement^^ of huaian body temperamre are estafalisLhed techniques. Xn&ared 
imaging oidy effecttvdy measures ttm surfiace texxiperature of the body since infrared 
radJtaxioii does not peneixate body tissue veicy w^i"; viu^u li lifificolt to ascertaizi sub- :<^< 
surface tsmperatore distribations accurately frf^::r'j^'^:^x a^wfrn^. ^f^--::- ;:'!'^BXJOxe measurements. 

Microwave thermography is often used where tissue tsmper^^:^ depth within bodies is 
to be measured* Since microwaves can travel further tbrough body tissues^ microwave 
thermogr^Iiy can achieve measurements to a depth of sev^ial centb&etres. TyincaHy this 
iB done using a radiometer operatizig at a frequency of around 2-30Hz. Whilst 
tempeiatnre contributions are detectable at depth, spatial resolution is poor due to tbe 
relatively long wavelengths. 

Summary Qt the faveat<<>n 

In accordance with tiie firet aspect of the invention, there is provided medical imaging 
apparatus for imaging snbcutaneous body temperatures, the s^aratus Con^dsing detector 
means sensicjjye to incident milliinetre wave electromagnetic radiaftioti and for generating 
an onfput represenitective of said image, collector means fcfx collecting such radiation 
travelling from, a selected area of a body to be th^mally imaged to due collector means 
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along a coUectilon path and directing said radiafion onto the detector ineaiis. Uie apparatus 
father corc5«cJs3ng scanning means to came said path to rotate, tb^by to scan said 
selected ai«a over the body (or region Hereof) to be thermally imaged. 

Mfllimetre wave radiation ha3 been found to give rise to relatively high resolution images 
at depths of a few jnintoetres beneath the skin surface. The facility for rotating the 
collection direction enables flie body <or part of body) to be ixnaged to be relatively r^idly 
scanned. Rotation can be atihieved ustog cowdnoously rotating componertts which are less 
prone to the inerdal problems aasodated widi components thai create oflwr types of scan, 
for example a raster scan. 

Preferably. Hie apparatus indudes ftwusang means fiw focussing the detector means on 
said area, wher^ fhe focussing means is such as to give ite appaiatas a seiMdfiviV 
profile, across the coUection path, which is defined aioilg the entire path fcngfli. 

The defined sensitiv . $foi;fc tf* ^ : ydvaniageous for hnagiog apparatus which does not 
have a rotatable c .7 / - • = . : l^ted with it, and according to a second aspect of the 
invention, theiefore, tiiei.i j> provided medical imaging apparatus for imaghig 
subcutaneons body tenqjeranire, the apparams comprising detector means sensitive to 
miUimetre wave dectromagoetic radiation tacident thereon, and focussing means for 
focussing millimetre wave radiation travelHne along a collection path from an area on a 
body to be imaged to flw ^ppaiaras, wiierein the focussing means is such as to give die 
apparatus a sensitivity profile across the coUectiDn path which is defined along the entke 
lengdioftfaepadi. 

la this contKOt, Hie sensitivity profile Is defined in that its general form is known along the 
whole of the collection path. One example of is such a general fo«li of profile is a 
fundamental Gaussian profile. The collectOf and/or focussing means can be considered to 
act as an antenna. As the result of fee reciprocal natore of anteunas. the sensitivity profile 
corresponds to the antenna beam pattern so that, were the detector means to be r^laced 
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with a signal souroe or emitter for the antenna means, die apparatus would emit ^loi^ tlie 
collection path a beam haviQg a fimdamental jnode Gaussian intensiQr profile. 

The use of a defined sensitridly profile iniproves tbe spatxal resolution of a fh^mal image 
as that radiation received from the area on which the device is focussed will have 
prop£^ted tiu-ous^ body tissue in a well controlled and definable pattern. 

Pre&acsblyy the collector aod/or focussing means comprise a corrugated feedhoMi and a 
wave guide for supplyir^ radiation to tiie detector means, the feedhora being arranged to 
convert a fundamental Gaussian mode beam of radiation, created by the collector md/or 
focussing means, into a wave guide naode in which it propagates through the wave guide to 
the detector means, the leedhom thereby achieving the fimdamental Gaussian mode 
sen^itivily profile. 

/Vi . V ^: ;d -sly ^ the apparatus may have Bessel sensctivity profile and to that end msry include 
. i r a a cylindi^ fomaed wHh a conical prism at cme end). 

JPiremerably, flie collector means and focussing means are operable repeatedly to sweep the 
collection path flirougji 360^. 

To that end, the collector means may to advantage conqprise a deflector which is rotatable 
about One axis to scan the collection path in a scanning di«ction across a body. The 
q)paratus can fiirdxer comprise line indexing means for moving the collection patii in a 
direction perpendicular to the scanning dliiection. 

The indexing means may move the deflector linearly along said axis or may conoprise 
meajas for swinging the deflector about a second axis perpendicular to the first axis. 

The latter arrangement avoids the need to move flic whole of the imaging apparatus 
relative to the body in order to scan the portion of the body to be hnag^. 
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Preferably, tbs apparatus furOiBr comprises isolation means, situated, m iise, in the path of 
collected radjadon to Hie detector means, for preventhig signal leakage fiom flie apparatus 
into tbe collection path. 

This feature is particularly helpful if tibie apparatus is used on close range subjects. Hie 
isolation mrans ptev^ats leakage of radiation from tiie ^spp^tatus, v^bkh wben relfected 
back oif the target could degrade the srasitivity . 

Where the apparatus includes a feedhom, the isolation means may be interposed between 
the feedhorn and the detector means or in front of the horn. 

The latter is particularly preferred as it is easier to adiieve low insertion loss over a wsle 
band width, wMch is necessary for i^>od fhennal seusitivi^. 

Preferably, the apparatus is operable to form an iitic^e from emitted radiation iJv tu^ ) - . 
freqxiency raiige of 10--100OHZ and more Ehrefera^ 

The apparatus is preferably sensitive to radiation of a plurality of diffeirent frequencies. 
This enables fbe apparatus to resolve areas of iliermal emission in ibree dimensions. 

Preferably, the apparatus inchides calibration load means for emitting millimetre wave 
radiation at a pre-detennined intensity, the apparatus being opecdile to direct said radiation 
to the detector means to enable tise apparatus to be calibrated. 

Where a collection path is rotatable, said load means may to an advantage be positioned as 
to lie in a line swept by the collection pafli so that the apparatus can be calibrated for eadi 
individual sweep. 

Preferably , the load means conqprises two loads and means tojc maintaining them at 
differeut temperatures, pre:6»^ly straddling the rasyge of subcutaneous bo^y texnperatures 
to be Imaged. 
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If the detector mean$ is linearly polarised* the apparatus preferably includes polarisatioQ 
means fox altering tbe polarisation of received radiation 90 as to align wifli tlie polarisatilon 
of the detector. 

According to a fhlid Aspect of flie invention, lliere is provided apparatus for i iriag t i ng 
sabcutianeous body temperatures, the ^qpparatus having detector means sensitive to 
mQlimetre wave lengtha of electronlag^etic radiation ajKl coliector means for collecting 
sndL radiation travellU^ from an area of a body, wherein the apparatus includes calibration 
load means for emitting radiation* prefisrably tfiermal radiation^ of a Icnown intensity and is 
operable selectively to direct said radiation to the detector means to enable said calibration 
to occur. 

Preferably, ttte collector means is operable to sweep said area over part of a body to be 
imaged, the calibration load means being situated in the patV;;»r. I f I15 deflector means. " 
T&e calibration load means may have the other h;r^>5?rfa or ^t'.- -.i^geous features 

described in relation to the first and second aspects of t^ .. : , . , ^ 

Accordiiig to a fourth aspect of the invention there is provided medical unaging qjparatus 
finr imag in g subcutaneous bod^ cemperaturea, the apparatus compzising detector means 
sensitive to millimetre wave electromagnetic radiation and for ^eii^atuiig an output 
rq}resentatlve of said im^ collecior means for collecting sakl radiation from a selected 
body to be imaged and directnig said radiation to the detector means, wherein the 
apparatus includes isolaiw situated in the means in the path of radiation to the detector 
means and operable to jpevent interfering electromagnetic radiation generated by die 
detector from being emitted from the device via the collector means, whilst allowing 
received radiation to reach the detector means. 

•\ 

Preferably, the isolation means comprises a quasioptical isolator. 
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Brief Description of the DraTPings 

The inveotlon will bow bo described, by way of example only, with refeieiice to the 
accompjsmying drawings in which: 

Fisure 1 is a $cheimrtic diagram of one embodiment of ^paranis in accordance with all 
fbxee aspects of the invention; 

Figure 2 is a schematic view of elements withiix the s^paratus when viewed in the directiOD 
Of the arrow n of figmie 1; 

Figure 2A is a block diagram showing one of Ibe elements shown in jSgure 2. 

Figure 3 is a sdhematic end View of elements widiin (he apparatus viewed in the direction 
of the arrow ni in figure 1; 

Figure 4 iUustrates how fii: / ^i fv 

Figure 5 ccwresponds to figure 4, and illustrates how a modified version of the apparatus 
achieves the same efitect; 

Figure 6 is a schematic view correspdndiiig to figure 2 of a modified etnbodiment of the 



Figures 7-9 iUnstrate the sensitivity distribution profile and beam pattern associated wiOi 
the apparatus shown in figure 1; 

Figure 10 is a schematic diagram iDustrating how the s^isitivi^ profile can be modified; 
Figure 11 shows an altiematlve embodiment of the apparatus; 



apparatus; 
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Figdie 12 i3 a more detailed sctematic view of an isolator fonidditg part the exabodunent 
shown in Fjgare 2; 



embodicnent having xnesns for contFolIing the polarisation of the signal received by a 
detector in the apparatas; 

Figure 14 shows visffile^ infrared and milluz^tre i^ve ims^es of a part of ahuonanhand. 
Figure 15 is a sectional side view of one or two ealibratioxi loads fot the apparatus; 
Bguxe 16 is a plan view of the load; 

Figure 17 is a sectional side view of the other calibration load; 

In figura reference nmneral 1 denotes the apparatus accordii^ lo the invention, which is 
connected to electronic circuitry 2 for controlling and supplying electrical power to diie 
apparatus 1 and also receiving image data from the apparatus 1 and djisplayic^ that data as 
an image on a c<»i:gmter 4. The afqporatas 1 is positioned a ibw tens of cratimeters db 
above a table top 6 on which a part of the patient to be imaged (in this case the hand) is 
rested. Hie conxponents of the ^aratus 1, are contained within a houshig S whidi Is 
provided wifli a lower window (not shown) through which ttie apparatus can scan an area 
of ffie table top 6 in order to obtain the image. The apparatus scans ttie area in a 
succession of parallel lines, such as lines 10 and 12. 

With reference to figure 2, the apparatus comprises a plane xnirror 14 which is rotatahly 
mounted about the axis 16 and contnected to a motor (not shown) which, in U5e, rotates the 
mirror in the direction indicated by the arrow 18. The mirror 14 i$ in registiy with the 
window and die housmg 8, and folds the optical path, referenced 20. of the apparatus 



Figure 13 is a view^ coxiesposding te> figure of a flirther embodiment of ^aratus, this 
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ttoou^ 90^, £rom a spot on ibe scan line (jin this iostance tbe line 12) tow:^d9 a detector 
in die form of a 95 GHz beterddyne total power radiometer 22. 

The mirror does not rotate at an exact rate due to unavoidable friction in tbe bearings etc. 
of the mirror mounting. To en^e that the odentation of die mirroi: is known for each 
captured data point, die scanning mechanism includes a pat^nied wbeel and photosensor to 
record positional infozmation in die fonn of two separace TTL chamiels. One ciisniiel 
indicates each complete revohition of the mirror, die otitier each tacrement pf one degree m 
the ixdxtar positionr The second cihaiinel is used to trigger sample and hold acqaisidon of 
the radiometer ontput through suitable hardware. TJie final output i3 recorded directly 
outo computer via an ADC card. 

The lines 24 aad 26 indicate the edges of a coOecdon path along which a millimeare wave 
electromagnedc radiation travels from a spot 25 to be imaged by the apparatus to the 
mirror 14. This light is reflecced fay tte mirror through a quasioptical isolator 28 which 
described in more detail widi reference to figure 12. . 

Received radiation wfcdch pas^ through the isolator 28 then travels through a hig^ density ^ 
polyethylene focussing lens 40 and into a cocragated feedhom 42 positioned immediately 
in front of die tadiometBr 22. The radiadoa focnssed by the lens 40 on die feedlu^ 42 
takes die fi>rm of a substantially fundamental Gaussian mode beam wbidi is converted by 
the horn 42 into a wave guide mode far receiptioil by the radiometer 22. 

The radiometer is shown is more detail in fignre 2A. and conq)rises a mixer 3 fSor 
combining a received signed 5 with a signal from a local oscillator 7 and feeding the 
resultant intermediate frequency (IF) signal to an rf amplrflcation and bandpass filtering 
stage 9. The stage 9 bandpass filters the IF signal and amplifies it to a level which, can 
easily be rectified by a square law detector (in the form of a diode 11). The signal is then 
fed to an dectronic amplijQcation. stage IS in which it is integrated in a low pass filter and 
amplified to give an output volta^ proportional to the brightne^ i^nqieranire of an area 
being imaged by the apparanis. 
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Certain types of radioaiet», especially hetBrodyne desigm, caa leak local osdDUa^ (LO) 
signals ofut of th^ inpirt port of tfae mixer of die radiomi^r. This can be coupled out via 
fhe antenna towaids flie sobject/target. If a subject is at long la^ge as is the case for $cene 
Imaging, Ote amount of tbis LO leakage which is reflected back to the radiometer is 
aegli^le. However, wifli dose-rax^ subjects* a slgnificanc amount of powear can be 
reflected back whicli couples coherently into die radiometer. Tins caw degrade the 
perfoimance of the radiometer by causing fluctuations in its sensitivity, and can be 
misinterpreted as radiation emitted by the target. 

To ^void this effect, the isolator 28 prevents signals leaking out from fhe apparatus. The 
isolator can be lc5cated either between the feedhom 42 and the radiometer 22 as shown in 
Figure 11 (typically in wave guide or inicrostrip tecJmology), or in front of the feedhom 
42, which would be quasioptical techfiology. The latter option is the preferred ooe at . 
millimetre wave lengths as it is easi^ tb achieve low loss over ti ^'?.t^ A'iitb necessary -"^ 
for good thermal sensitivity. 

With reference to figure 12, the isolator conq>rises a diagonal polariser 30 wiiidi is in 
registry witb die optical path 20 and a beam dunqp comprismg a surface whidbi is able to 
absorb radiation of ibe frequency of interest (reiiBrred to as "beam duxop** 32). Tbc 
dfagoual pc^lariser is orletitated to allow a pnsage of light with a polarisaticai wbidh is at 
43 ^ to fhat of light passed by a vertical polariser 34 wWch is also in the optical palii 20 and 
hi registry wifli a fhnher beam dunq) 36. A Faraday rotator 38 is inicrposed between the 
two polarisers 30 and 34« 

The isolator acts as a frnu: port circulator in which two ports are tcOTinated- 
Electromagnetic radiation of the desired frequency selected by the apparatus is passed 
through the isolaicar. However, any local oscillator leakage from the radiometer is sent to 
the beam dump 32. If there were any signal coming from the dump 32 it would go to the 
dxtxnp 36 and any stray signal from the dump 36 would go to the dunq> 32. 
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Willi reference to figure 3, as the mirror 14 rotates, the coUection pafli is swept flurough 
360**, and Hi© scan line 12 is therefore In ihe form of a circumference swept out by the 
path. As can be seen firom figure 3, flie scan Ime 12 also Iniercqrts two angularly spaced 
calibration loads 44 and 46 positioned above the rotatins mirror 14, i.e. m ftat path of the 
scan or the coUection paih that does not include fhe target. 

The calibtation load 44 is shown In sectional side view in figure 15 and in plan view in 
figure 16. Figure 17 is a sectional side view, sunilar to figure 15, of the load 46, The 
load 44 compri^s m emissive plate 4S formed from a continuous solid of a material 
liaviiig an emissMty close to unit/ wMch is mounted on a thermoelectric, iPeltier heat 
pumping device 50 dirough a thin thermally conductive (eg metal) plate 52 whidi evens 
out any small scale temperature variations in the face of the Peliier device 50 (for example 
due individnaa semi-conductor junctions which generate the thermoelectric efitect), and 
transfers a nnifonn tmiperature distribution to the bacl; face of the place of emissive 
material 48. 

The material for the plate 4S i: ::)^' />^.J \}y^^i^ a suffident Thermal conductance to 
ensure its temperature can be controlled when in contact with the heat pumping device 50, 
Hie plate 48 should be thin enough to avoid the settmg-up of tx)0 ^eat a thermal gradient 
fi^om the bacOc to the firont sur&ce when die heat ^pcmpbag device is qperaied. & is also 
preferable that the plate 48 has a ikont surfitoe whicb is rough widi respect to the wave 
length of operation as this win minimise any specular reflections from the sur&ce. In the 
present example, this is achieved by having an outer surface in which regular pyramids 
(for example 54) are formed. 

The themioelectric device 50 is supported on a heatsmk substrate 5$ of a thermally 
conductive material (for example metal) to ensure tliat the face of the thermoelectric device 
50 opposite the heat spreader plate 52 remains at the d^ired ten^perature. The 
temperature of the plate 48 is monitored by means of a thermometer 58 which is connected 
10 temperature measur^cneot control cfarcuitry ^t measures the temperature of the plate 



48. 
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The load 46 is identical to the load 44 €XC£pt tibe Peltier device 50 is arranged to operate as 
di^ntkOelectric cooling device for die emissive plate 48'. 

It will be appreciated fiiat eadi full revolution of the minor 14 causes radiation from each 
of dxe calibraitioQ loads 44 and 46 in torn to be directed into the radiometer 22. Thus, tbe 
apparatus can be calibrated for each scanning line. 

Description afpr^rred calibration method 

The emissive material for the plates 4& aiwl 48* is the flieimal target which is used to 
calibrate the response of the radiomeier. The emissive material is chosen to have an 
emisisivity e close to unity in tbe frequency range of ppezation ensuring that its brightness 
temjwature Tq is very close to its pifaysical tempdratore Tp» since 

Tg eeST^ 

Hs'^r^i > i ;v±jgi. :^t,i5 ;rfi:^>^ means llie material is also a good absorber in die frequency range 

The emissive material is a solid (rather tjban a porous structure as is the case for many 
electromagnetic absorbens) which has sufiBcient thermal conductance to ensure that its 
tsen5)crature can be controlled when in contact with a hot or cold plate. The emissive 
malerial is thia enoujgji that when heated or cooled from the back surface there is not too 
great a thermal gradient from the back to the front surfece. It is preferable ^ the 
emissive material has a front surface which is rough wifli respect to the wavelengfli of 
operation as this will minimise any specular reflections from the surface. To achieve diis, 
the surfece has an array of regular pyramids. A suitable emissive material could be a 
polymer, such as polypropylene, loaded widi carbon particles. 

The pl^ysical tooiperatnre; of the emissrve material is monitored with a thermometer (or 
thermocouple) ensbedded in ttie bulk of the nmterk Tp arelmown 

and corrections can be made to the value of Tg used hi the radiometric calibration. 
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Multiple diermometecs may be used to monitor Hie spatial vanatioiis in temperature. A 
calibratlon/vexiilcatiott of the spatial tbeimal mnformity can be performed using an 
infirared radiozQ^c imager^ 

The temperature of the emissive material is controlled by the action of Oie Peltier device 
which pumps heat from one side to another. Tbe direction of heat flow is revised when 
the direction of applied current is reversed . 

The heatsink is a thermally conductive material (eg. metal) to which heat can be pumped in 
or out, thus ensuring the opposite face of the Peltier rettudns at the desired tmipeiatmre. 

The head spreader is a tiiin thermally conducting plate (e.g.metal) which evens out any 
small scale tBmpeoratuxe variations on the fece of die Peltier device (e-g. due to the 
individual semiconductor Junctions which generate the thermoelectric effect) and transfbrs 
a imiform temp^ature distribution to the back&ce of ti^ 

It is desirable to have a uniform temperature across the area of die calibration load with a 
minimum of thermal gradient towards die edges and comeis. To achieve this, ihe heat 
spreader is prdSsraibly die am^ as the emissive material, and as big as or Slighdy 
larger than the Xteider device. 



For accurate radiometric calibration. It is desirable to have tihe thermal target jQlling the 
beam of Ae radiometer and having a uniform, known temperature over tbat area. The 
temperature should be constant during the time taken to make the calibration. Slow 
temporal variations in temperature can be monitored with a thermocoiqile (as described 
above . To perform calibration of the radiometer, it is preferable to u^e two thermal 
targets whose temperatures are above and below the range of teni^eratures expected in the 
real sccne.The output of the radiometer (typically a voltage) is measured for the two 
calibration loads of known temperature thus yielding tihe sensitivity of the radiometer (e.g, 
in volts per Kelvin). When applited to the cyUndrical scanmng mettiod described dbove, 
the calibration loads are sensed every rotation of the scanning mirror. This leads to a bl^ 
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xate df repetitive calilbration whicli can be used reduce flie eff^xts of gain variatioiis bx 
file radiometer Oat cause fluctuations in. sensitivity. Laic-by*line calibration reduces 
artefact; in &s image, sndti as stripes, caused by sensitivity flactoattons. 

A large difierence in tenq^erature of flie two loads is desirable provided l^t tbe response 
of the rai^meter behaves predictably over lliat rmsz. PrefiBrably tlie radiometer should 
have a lixusQX response to temperature. 



In practice^ the range of tenqperatures is limited by the performance of the P^tier devices. 
Additionally, when operating in normal atmosphedc coiiditions> too cold a temperature 
will cause condensation and ice to form on the suxiace of the emissive mtaterial which 
could alter its apparent brightness temperature, For a radiometer measuring body 
tenQ^erabires (typically around 35 to 40^C), suggested calibration load temperatures could 
be S to lO^C for the cold load and 50 to 6Q^C for the hot load. 

hi die apparatus shown in figure 1» the housing 8 is moimted cm : {mt zlzi: that * 

facilitates c<»itrolled indexing movement of die honshig 8 along i . : L^Sbated by : '^-x ; M 

the arrow m. This direction is perpendicular to ihe scanning direction, and the indexing 

occnrs at die most once for ev^ry revolution of the mirror 14. In order to reduce the 

effects of noise, the ^stem can be arranged to average the results of a nnmber of 

successive scans along eadbi respective line. In this case, the mirroir will undergo a number 

of revolutions {for example 5} at ai^r given axial position befi»e indexing occurs. This 

improves due signal to noise ratio of the device at the expense of the speed of image 

aquisition. With refisrence to figure 4 , it will be appreciated that tbe apparatus acquires die 

unage of a part of the body by obtaixiing inaage data from each successive one of a number 

of areas, for example area 60 in a single scanning line (line 1 figure 4) and IheJl repeating 

the process for successive lines thereby building up an array of imaged areas, as denoted 

by the reier^oce numeral 62 in figure 4. 

The array of areas lies on a surface of a notional cylinder, and this correspondingly 
governs the plane of Che captured unage^ 
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For any givea position of the mirror 14, aiiparatiis is focused on a respective spot on 
the cylindrical surl^, but the seii$itivil^ of the syjparatus to inddeut radiation across that 
spot wUI vioy in tiiB way abown in figures 7-^. 

The leais 40 acts as Ifocussing lUeaDS which fbcoses the radiometer 22 on a 8|>ot on the 
oylindrical otsject plane (for a givai position of the ndnor 14). B: is manijfested in the 
collec^on path 24 - 26 as a convergence to a minimum widtii in flie object plane R (figure 
7), from where the paflj then diverges. The s^isitivity profile of the collection path takes 
ihe fbtm shown in figuie 9* i.e, that of a fundatnental mode Gaussian profile. 

Figure 8 shows the s«3isitivity profile at various different points along the beam j&x>m a 
position some way in fitmt of the point R ^xrofile 100) to a position somevriiere behind 
(profile 102). As can be seen, the profile retains its ftuKlametital mode Gaussian f<Min, but 
the width of the peak progtssively deer': r v\ >,* profile 100 to a iYrinimwi t' width si^ 
the fpcai plane R, whilst the pealcs ly: >',r ^fcr^cc uj jskvi*: R become progressively broader & 
. with increasing distance from ihe plac^^: • . ^ - 

The Gaussian mode is presCTved fhrouj^oiR the optical pafli. and enables the widtli of the 
collection padi at the plane R to be compaMLble with ibe wave length of operation, the 
profile enid>]iiig tiie effects of diffractloii to be antid(pated or controlled. 

Hie ^aratns can be modified by the inclusion of aa axictm, such as flie axicon 104 in 
figure 10, in the optical path so as to convert the Gaussian s^kivity profile into a Bessel 
sensitivily profile. The axicon 104 can be int^posed between the lens 40 and the mirror 
14. The Bessel profile has a central peak which dif&acts less over a given distance 
compared with a fbndamental (Saussian profile of the same width. It is beJieved that this 
may imfnrove the depth of field of the ^;qparatus. 



The choice of what frequency band to use for the imager depends on the number of factors 
and is a oomproniise between them. This choice is governed by die dielectric prop«artiea of 
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body tissiie and how fliey vary witfi firequency. The most compreheipisive publications on 
the dielectric properties of various tissue types are by Gabriel, Gabriel, Corthout & Lau 
who have surveyed existing data [I], made their own accurate measurements up to 
lOGHip] and proposed mod^ [3] covmng the frequency range lOHz to lOOGHz. Veiy 
little reliable data exists above 20GHz, Based on these models, <me can investigate the 
trade-of6 iztqiortant to the ima^ design. In general a longer wavelengdi will penetrate 
tbrou^ more tissue, vdiereas a i^horter wavelength is desirable for good apatial resohidon, 
Ftartliennore, sborter waveiengd)s arc reflected less by aie skin reductog cosmplkations due 
xo refiecdon of tfaennal energy fitim fhe suiroui^ings. 

By conaideriijg the propertiBS of difBwent tissues using these models, the most likely 
ftaquen<v range for radiomettic imagmg of the body tenqjeratute is in the 10-lODHz 
rai^. Within that range, the 2CM(Kmzbai)d win p 

between penetration depth and spaiiaLtesoIotioiXt The optimum band will not be known 
until different V: :^;y ranges ate fried as the models have yet to be accuraieiyVerified 
with expeT^a^nLa d^t;? 

Target valueE> r ^ ^^-a^^ dcptli and spaiial resolution are of the order of a few 
miUtoaetres. Operation at hdgher frequencies (e.g. 90-100GH2) would yield better 
resolution (of the order of milimetres) but the penetration iisspHh would reduce to fractions 
of a mm. 

The 20-40GHz band is also preferred for the practical reason that components ai^ readily 
available and reasonably afMsbk (due to their use for telecomms). 



Radiometric ddection of power (i.e. measuring brigShtness ten^)erature) typically taas a 
teuQierature sensitivity 

T 

2iT = 
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where Tjys the system noise tetoperature, B is the pce-deiectioii bandwidth and t is the 
integration time of the measuxement. 

From this one caa see that for a xadioroeter of given noise temperabire and bandwidtii obg 
can iaptovB the tempeiatnre saasitivily (reduce AT) by increasing the integration time. 
This obviously trades-off ai^inst Hue image aequisitfon time. Tyi^l integration times per 
pixd xnigtrt be 1-lDms, This also gov^sis the beam Bcannim^ rate. 

One nwdi^ veraioi* of the q^aratus as slwwn in flgttrt 

which correspaod to the coinponeois tihown in figure 2 and ate tiiciefbie identified by flie 
same refisreace nmnerals. The leos 40 and plane mirror 14 have been replaced by a fixed 
and rotating ftMaissing mirror, respectively reference 150 and 152. These mirrors are 

corved so as to Ibcus radiation, and can be fonned of materials whicii dissi^ 
received radiation than a leos. 

Aascther modified version of die apparatus is shown in ligarB.13. which again, uses liie 
rsfcrence numerals of figure 2 to indicate corresponding components. As with die 
apparatus shown in figure 2, the radiometer 22 Is a Imearty ptdarised radiometer whidi 
collects signals reflected off a rotating srixnxr. The pcdarisation of the signals received 
firom the lines scanned by Has mim» can vary wifli the angle from wbioii tbcy are 
received. This m^ or may not be a problem dq»ending ^pon what target is bedi^g sensed. 
For targets Mi*ich are largely unpolaiised (as body tissoe probably is) it may not matter. 

If, however, it is considered in^xtttant to have a fixed polarisation « die target, this can be 
achieved with the addition of two quarter wave plates 160 and A quarter wave plate 
converts linear polarisaiion to circular polarisation and vice-versa. If one is added in from 
of the receiving &edhom, the ^st^ vnB receive circularly polarised radiation irrespective 
of scan angle. This is a fianction of tiie quarter wave plate 160. The quarter wave plate 
162 is attadied to the side of tiie rotating mirror, and rotates with it. Thus, if the input is 
linearly polarised, this is converted by the rotating plate 162 to a drcalarly polarised input. 
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and liie $ec(^ plat© 1(50 cojoverts the circularly polarised oatput ftam the plate 162 into 
linearly polarised radklioa for acceptance by the feedhom 42. 

Figw© 5 shows a modification to the apparatus in figure 1. In this case, the minor 14 is 
no longer mounted for simple rotation about a single axis, but instead can rotate about the 
axis (IG) and swing about a perpendicular axis (so diat the minor can be tihed in ibe 
direction indicated by the arrow 64). This approach causes die fgiparatQs to scan » volume 
whidi is part of the sui&ce of a qdiere (i.e. curved ht two pla;^). 

1 . R Appleby. D.G. GIeed» R.N, Anderbm and A.H. Letifaigton, "H^gh PferlbmianoB 
passive nrilUmeter-wavelmegalng". <%»/.Sj|g..32(4),ppl370^1373,1993, 

2 D.M. Sheen, DX. ^Makm, and T,E. HMl, "Three-Dimensional Millimeter- 
Wave Lnagmg fkar Concealed Weapon Detsection'', IEEE Ttrms.Miaxmtve Theory 
r«<*, Tol^, no.9 pp 1581-1932, Sept 2001. 

3) B. Bocquet, J.C. can de Velde, A. Mamouni, Y.Leroy. G.G; r Vt^iMcwy^ 'k^ 
D. Delvalee, "Microwave Radiometric Inwging at 3 GHz f;; . r v-a' ^ 

Breast TDmotos" . IEEE Trans. Micrawave Theoty Tech. vol 38, no pp 791-792, 
June 1990. 
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